The numbers of events suitable for a determination of the gluon distribution function f g (x, Q 2 ) in a proton at the LHC for various intervals of the direct photon transverse momenta are estimated. Main background sources to "direct photon+jet" production processes are investigated. The values of discrimination powers between quark and gluon jets as well as between a single photon and the products of π 0 , η, K 0 s mesons decaying through the neutral channels are used to calculate signal-to-background ratios in different intervals of x and Q 2 . The Monte Carlo events produced by using the PYTHIA 6.1 generator are used here for this analysis.
Introduction.
In [1, 2, 3] it was shown that the direct photon (γ dir ) production processes
(for experimental results see [4, 5] ) being collected at the LHC may give a sufficient number of events suitable for an extraction of information about gluon density in a proton f g (x, Q 2 ) (see also [6] - [11] ). Two leading order (LO) QCD subprocesses: the "Compton-like" subprocess (which gives a dominant contribution)
and the "annihilation" subprocess
define the main part of the process (1) cross section. The selection criteria, proposed in [1] , allow to suppress essentially the initial state radiation and to reduce the background to "γ dir + jet" process (1) . The background to the events caused by subprocess (2), i.e. to the events that contain the information about gluon distribution, are mainly due to:
(BD) the events with the neutral decay channels of π 0 , η, K These criteria reduce also: (BR) the number of events with the photons radiated from a quark (i.e. bremsstrahlung photons) in the QCD subprocesses like qg → qg,→and→scattering that are next-to-leading order (NLO) processes as compared with subprocesses (2) and (3) in order of perturbative expansion over the powers of QCD coupling constant α s (Q 2 ).
The number of events (BA) that are based on the annihilation process (3) with a direct photon and a gluon jet in the final state must be also well estimated in order to separate their contribution to (1) from the contribution of gluonic subprocess (2) .
The background events of the first type (BD) we shall call below as the "γ −mes" events while the second type (BR) as the "γ − brem" events. A more detailed information about fundamental QCD subprocesses from which "γ − mes" and "γ − brem" events originate is presented in Section 3.
The annihilation events (BA) behave very similar to the events based on the signal gluonic subprocess (2) with respect to the passing through selection criteria, pointed in [1] (see also Section 2 below). After these criteria there remain only the events with a well-isolated photon and a jet. These events are characterized by the suppressed cluster activity beyond the "γ + jet" system. The only thing that may allow to distinguish them from the gluonic events, based on (2), is a presence of a gluon jet in contrast to the signal events containing a quark jet in the final state. It is known that a gluon jet as compared with a quark jet, on the average, is a little bit broader. It has also a bit higher multiplicity and less transverse momentum. These features 1 As it was shown in [13] the charged decay channels of those mesons can be strongly suppressed even without a tracker information. 2 The numbers in the brackets are the branching ratios of the corresponding decay channel (see [12] ). Below speaking about π 0 , η, K 0 s mesons we shall imply only their neutral decay channels pointed above.
allow to determine a probability to indentify a type of a jet (quark or gluon origin) in an event.
(see our previous paper [15] and also [16, 17, 18] ). The background containing the events with the decay products of π 0 , η, K 0 s mesons can be significantly suppressed by the event selection criteria, pointed in [1] . It may be achived, first of all, due to a very strict photon isolation criteria because the parent π 0 , η or K 0 s mesons are usually surrounded by other hadrons. Additional rejection factors were obtained from the full GEANT simulation of the physical processes in the CMS detector where for the Barrel region (|η| < 1.4) we used the information from the electromagnetic calorimeter (ECAL) cells only [14] while for the Endcap region (1.4 < |η| < 2.5) results of the analysis of hits in the preshower detector [19] were applied.
An especial attention should be paid to the events containing the bremsstrahlung photons. Despite these events are noticeably rejected by our selection cuts they still constitute a significant part of the total background even after passing all selection cuts (see [2] ). Our simulation with a help of Monte Carlo event generator PYTHIA [20] , has shown that in the selected "γ + jet" event samples the most part of "γ −brem" events contain a gluon jet.
For this part of events, as well as for a part of "γ −mes" events with a gluon jet, one can take into consideration the quark/gluon separation efficiencies found earlier in [15] .
In Section 2 we list the selection criteria used to pick out our signal events. In Section 3 we present the tables with estimated numbers of the events suitable for an extraction of the gluon distribution function f g (x, Q 2 ). These tables also show the signal-to-background (S/B) ratios accompanied with the tables in Appendix containing the inforamtion about the background constitution in various x and Q 2 intervals. The influence of an account of the discrimination efficiencies between the single photon and π 0 , η, K 0 s mesons ǫ γ/mes as well as between the quark and gluon jets ǫ q/g on the S/B ratios and on the number of selected events are also demonstrated in Section 3 and in Appendix.
2. Definition of selection cuts. 3 1. We shall select the events with one jet and one "γ dir -candidate" (In what follows we denote it as γ and call the "photon" for brevity) with
The ECAL signal can be considered as a candidate for a direct photon if it fits inside the 5×5 ECAL crystal cells window with the highest P t γ/e in the center ( [22] ). For our applications a jet is defined according to the PYTHIA jetfinding algorithm LU-CELL 4 . The jet cone radius R in the η − φ space counted from the jet initiator cell is taken to be R = ((∆η) 2 + (∆φ) 2 ) 1/2 = 0.7.
2. To suppress the background processes, i.e. to select mostly the events with "isolated" photons and to discard the events that fake a direct photon signal (that may originate as γ dir -candidates from the meson decays, for instance), we restrict a) the value of the scalar sum of P t of hadrons and other particles surrounding a photon
b) the value of a fraction ("relative isolation cut") i∈R
3. We accept only the events having no charged tracks (particles) with P t > 1 GeV /c within the cone R = 0.4 around a γ dir -candidate.
4. We also consider the structure of every event with the photon candidate at a more precise level of the 5×5 crystal cells window (size of one CMS HCAL tower 5 ) with a cell size of 0.0175×0.0175. To suppress the background events with photons resulting from high-energy π 0 , η, ω and K 0 s meson decays (see [13] for details), we require the absence of a high P t hadron in this 5×5 crystal cells window:
At the PYTHIA level of simulation this cut may effectively take into account the imposing of an upper cut on the HCAL signal in the tower behind the ECAL 5 × 5 crystal cells window fired by the direct photon. We can not reduce this value down to, for example, 2-3 GeV /c, because a hadron with P t below 2-3 GeV /c deposits most of its energy in ECAL and may not reveal itself in HCAL. The value 5 GeV /c is chosen with account of possible loss of hadron energy in ECAL (see [13] ).
5. We select the events with the vector P t jet being "back-to-back" to the vector P t γ (in the plane transverse to the beam line) within ∆φ defined by the equation:
where φ (γ,jet) is the angle between the P t γ and P t jet vectors:
6. To discard additionally the background events, we choose the events that do not have any other (except one jet) minijet-like or cluster high P t activity with the P t clust higher than some threshold P t clust CU T value. Thus we select events with
where clusters are found by the same jetfinder LUCELL used to find the jet in the event.
(P t clust CU T = 15, 10, 5 GeV /c are most effective restrictions). 7. To reduce a contribution from the e ± events to the background containing e ± as direct photon candidate 6 [2] we select events with a small value of missing transverse momentum P t miss . So, we also use the following cut:
The values of the cut parameters used here (besides the pointed above explicitly) are specified below: 5 see the CMS Hadron Calorimeter description [23] 6 These events are mainly based on the q g → q ′ +W ± and′ → g +W ± subprocesses with the subsequent decay W
± → e ± ν.
3. Determining the numbers of events and reducing the background.
To estimate the background for the signal events, we have done a simulation basing on the Monte Carlo event generator PYTHIA 6.1 (with default GRV 94L parameterization of the parton structure functions) of a mixture of all existing in PYTHIA QCD and SM subprocesses with large cross sections 7 (which totally exceed by more than 3 orders of magnitude the cross section of subprocess (2)) together with the direct photon γ dir production subprocesses (2) and (3) 8 . Five generations (each of about 60 to 90 million events) with different values of minimal transverse momentum of a hard process 9p min ⊥ were done:p min ⊥ = 40, 70, 100, 140 and 200 GeV /c. The produced γ dir -candidates were classified according to their origin, i.e. those that are direct ones (from signal (2) and background (3) subprocesses), those that appear due to the radiation from quarks ("γ −brem" events) and from the π 0 , η, ω, K 0 s meson decays ("γ −mes" events) 10 .
The results of such simulation are presented in Tables 4 and 7 which contain for each x and Q 2 interval the numbers of all (signal+background) events calculated for the integrated luminosity L int = 10 f b −1 (Table 4) and signal-to-background ratios S/B (Table 7 ). All numbers were obtained after application of selection criteria of Section 2. The momentum fractions x a and x b of the initial state partons can be reconstructed from the final state photon and jet parameters (e.g., see [24] ):
We used the following designations above: η 1 = η γ , η 2 = η jet , P t = P t γ and a, b = q,q, g. Q 2 in those tables is defined as (P t γ ) 2 . The right-hand columns of Tables 4 and 7 present, for a convenience, the P t γ interval corresponding to Q 2 interval in the left-hand columns.
The column S/B in Table 7 contains the S/B ratios for a given P t γ (or Q 2 ) interval, averaged over four x intervals. One can see that S/B is 2.5 at first Q 2 interval 1.6·10
2 while the number of events is about 10 million and 24000 for the same Q 2 intervals.
It is interesting to look at the contributions of different background sources to the total background. These contributions are presented in Tables 10-13 of Appendix. They show the numbers of events based on the annihilation process (3) (Table 10), the numbers of the "γ − brem" events (Table 11 ) and the numbers of the "γ−mes" events with π 0 (Table 12) The contribution to background from events with e ± which can fake the photons is not considered here, i.e. we accept the 100% rejection efficiency of isolated e ± with P t e > 40 GeV /c. The number of these type events was calculated in our previous papers [2, 3] .
interval after passing the selection criteria of Section 2. The right-hand columns in these tables show the percentages of each background type in a given interval of the photon P t (100% is the total background). These percentages for various background sources as a function of P t γ are also presented in Fig. 1(a) for a convenience. We see from this figure that most of background comes from "γ − brem" events at 40 < P t γ < 70 GeV /c while at higher P t γ the background is mainly concentrated in the events based on the annihilation subprocess (3). The noticeable percentage of the "γ−mes" events is contained at 40 < P t γ < 70 GeV /c (see also Tables 12 and  13 19] were used. The efficiencies found in [14] were obtained by the analysis of the ECAL crystal cells only in the Barrel region (|η| < 1.4) while the efficiencies in [19] are found from the analysis of hits of the preshower detector in the Endcap region (1.4 < |η| < 2.5). The results of [14] and [19] are briefly the following: neutral pion rejections varying between 46% and 67% (depending on the energy) in the Barrel region using ECAL only and between 45% and 71% in the Endcap region using the preshower only can be achieved. The single photon efficiencies were set to 70% and 91% in the first and second cases respectively.
Application of the quark/gluon separation efficiencies is based on the results of paper [15] . The main source of gluon jets in the background is the annihilation process (3). The ratios of a number of events with the signal process (2) to the sum of that and a number of events with the annihilation process (3) are given in Table 1 for different P t and η intervals: the Barrel part (|η| < 1.4) and the Endcap+Forward part (1.4 < |η| < 5.0). As it is seen from the table the part of the annihilation process slowly increases with an energy growing. Tables 2 and 3 show the relative contributions of four main (having the largest cross sections) fundamental QCD subprocesses qg → qg,→ qq, gg →and gg → gg into production of the background "γ − brem" and "γ − mes" events selected by criteria 1-6 of Section 2 (equations (4) -(11) ) for three P t γ intervals 11 .
It is useful to note from Tables 2 and 3 that most of background events (80% at least) originate from qg → qg and→scatterings with dominant contribution from the first process.
The simulation in PYTHIA also predicts that practically in all selected "γ−brem" events "bremsstrahlung photons" are produced in the final state of the fundamental subprocess. Namely, they are radiated from the outgoing quarks in the case of the first three subprocesses and appear as the result of string breaking in the case of gg → gg scattering which, naturally, gives a small 11 In some lines of Tables 2 and 3 the sum over contributions from the four considered QCD subprocesses is less than 100%. The remained percentages correspond to other subprocesses (like→or qg → q ′ W ± ). contribution into "γ + jet" events production. In the first case the photon carries away almost all energy of the quark and has mostly the jet of gluon type in back-to-back direction in φ angle (70.6% of events for 40<P t γ <71 GeV /c and 58.7% of events for 141<P t γ <283 GeV /c) . In the second case (gg → gg based events) the remained jet is always of the gluon type.
As for "γ−mes" events we suppose for further considerations that in the events based on the qg → qg scattering after suppression of the cluster activity by the cut P t clust < 10 GeV /c a remained jet can originate with an equal probability from a quark as well as from a gluon (50% by 50%) while in the events based on the→ qq, gg →(gg → gg) subprocesses the jet is always of the quark (gluon) type.
Thus, we can conclude that about 73% (40%), 70% (36%) and 59% (33%) of the "γ − brem" ("γ−mes") events have a gluon jet in the selected one-jet event samples at P t γ intervals 40−71, 71−141 and 141−283 GeV /c, respectively 12 . The quark/gluon separation efficiencies were also applied to these parts of events.
After the full event simulations with help of the CMSJET package [21] and basing on the neural network technique it was found in [15] that taking the quark jet selection efficiency 67 − 70% one can reach signal-to-background ratios equal to 2.4 − 3.4 (depending on the jet transverse momentum P t jet and pseudorapidity η jet ).
The results of the application of the described above efficiencies are placed in Tables 5,  6 and 8, 9. Tables 5 and 6 contain the number of events (for the luminosity L int = 10 f b −1 ) passed the selection cuts 1 -6 of Section 2 after taking into account of the γ and π 0 , η, K 0 s mesons discrimination efficiencies ǫ γ/mes (Table 5 ) and both the ǫ γ/mes and quark/gluon jets discrimination efficiencies ǫ q/g (Table 6 ).
By analogy with Table 7, Tables 8 and 9 show the signal-to-background ratios obtained after passing selection criteria of Section 2 with an account of the ǫ γ/mes efficiencies (Table 8) 12 Unfortunately, the number of generated events described in the beginning of Section 3 does not allow to perform analogous estimations for all types of the mesons (π 0 , η, K and with an account of both the ǫ γ/mes and ǫ q/g efficiencies ( Table 9) .
The contributions of different background types to the total background, obtained after applying the selection criteria of Section 2, are presented in Tables 14 -17 of Appendix with an account of the ǫ γ/mes efficiencies and in Tables 18 -21 with an account of both the ǫ γ/mes and ǫ q/g efficiencies. For a convenience, these contributions (in per cents) with an account of the above-mentioned efficiencies are displayed in plots (b) and (c) of Fig. 1 as a function of P t γ .
We see that taking into account the ǫ γ/mes efficiencies one can noticeably decrease the "γ −mes" events contribution to the total background. From Tables 12, 13 and Tables 16, 17 we see that their fraction drops approximately twice improving the S/B ratio from 2.5 to 3.1 at 1.6·10 It is worth emphasizing that most of the background events (more than 50%) at Q 2 > 5·10 3 GeV 2 /c 2 correspond to the events based on the annihilation process (3) with a gluon jet in the final state (see Table 14 ). At lower Q 2 values (1.6·10
2 ) about 56% of the background events correspond to the "γ−brem" events and 9 − 18% of them correspond to the "γ −mes" events (Tables 15 -17) .
Taking into consideration the quark/gluon separation efficiencies one can substantially reduce the total background. It is confirmed by a comparison of Tables 8 and 9 . A considerable improvement of the S/B ratios is seen at higher
2 ) where they increase more than twice while at first two intervals (1.6 · 10 3 < Q 2 < 5 · 10 3 GeV 2 /c 2 ) S/B grows only by 25 − 40%. These changes are explained by the fact that at Q 2 >10 4 GeV 2 /c 2 the increase of S/B happens mostly due to the annihilation process (3) suppression while at the 1.6·10 3 <Q 2 <5·10 3 GeV 2 /c 2 interval it grows mostly due to suppression of a part of the "γ−brem" and "γ−mes" events which contain a gluon jet (see Tables 2 and 3) . Moreover, the quark/gluon separation efficiency increases with Q 2 growing. It rises by 20 − 25% while Q 2 grows from 1.6·10 3 to 4·10 4 GeV 2 /c 2 (see [15] ) what is mainly explained by the increase of the difference between the quark and gluon jet multiplicities. The numbers of events of the different background types after passing the selection cuts of Section 2 and after applying the ǫ γ/mes and ǫ q/g separation efficiencies are given in Tables 18 -21 . We find from these tables that the background are mainly concentrated in the "γ −brem" events (≈ 42 − 52%) at 1.6·10
4 GeV 2 /c 2 and in the events based on the annihilation process (3) (≈ 53 − 63%) at higher Q 2 . The contribution of the "γ −mes" events is about 35% at 1.6·10
and much less at higher Q 2 .
The final numbers of all (signal+background) events for the luminosity L int = 10 f b −1 at different x and Q 2 intervals are presented in Table 6 . We see that after passing all selection cuts and application of the ǫ γ/mes and ǫ q/g efficiencies one can get more than five million events at the 1. Table 9 ).
Numbers of all events in different Q
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Conclusion.
The results presented above show that during one year of the LHC running at low luminosity (L = 10 33 cm −2 s −1 ) one can collect a sufficient number of the events to extract a gluon density in a proton in the kinematic region of 10 −4 ≤ x ≤ 1 and 1.6 · 10 3 ≤ Q 2 ≤ 8 · 10 4 GeV 2 /c 2 (see Tables 4-6 ). By selecting events with the proposed criteria (see [1] and Section 2 of this paper) and using the separation efficiencies for a single photon and π 0 , η, K 0 s mesons as well as those for quark and gluon jets that were found in previous papers [14] , [19] and [15] one can reach an acceptable level of the signal-to-background ratios presented in our Tables 7-9 13 . Additional background rejection factors will depend on the chosen values of single photon and quark jet selection efficiencies 14 that is in its turn will be caused by the gained statistics of the "γ + jet" events. 
